This study aimed to obtain information about the serotypes and molecular typing characteristics of Streptococcus pneumoniae strains that cause invasive disease in Turkey.
INTRODUCTION
Streptococcus pneumoniae (pneumococcus) is a major causative agent of meningitis, septicemia, pneumonia, sinusitis and otitis media worldwide. The polysaccharide capsule has a crucial role in pneumococcus virulence (1, 2, 3) . Based on capsular structures, S. pneumoniae has been divided into more than 90 serotypes. However, a limited number of serotypes are responsible for most invasive disease; these serotypes have been used within the scope of the conjugate vaccines (4) . Several molecular methods are available for the typing of pneumococci. The major methods include multi-locus sequence typing (MLST), multi-locus enzyme electrophoresis A c c e p t e d M a n u s c r i p t (MLEE) , pulsed-field gel electrophoresis (PFGE) and amplified fragment length polymorphism (AFLP) (5, 6) . MLST is the most convenient method for typing and obtaining the isolate STs, which can then be compared to those in a central database via the internet (5).
Moreover, a single serotype may include several genetically diverse clones, which are distinguishable by PFGE and MLST (6) .
Recent studies have focused on examining capsular types and the genetic heterogeneities of invasive pneumococci and those organisms carried asymptomatically in the human nasopharynx (7) . Definition of the clonal types and capsule switching is important in predicting the impact of pneumococcal vaccine programs, which may provide selection pressure for virulent genotypes to switch capsules and escape coverage by pneumococcal conjugate vaccines (PCV) (8, 9) . Twenty-seven of the isolates were from central Anatolia, 19 were from southeast Anatolia, 9 were from northwest Anatolia and the remaining 13 were from other regions. The 68 isolates were cultured from blood (25) , cerebrospinal fluid (36), and other sterile body fluid (7) samples. Forty S. pneumoniae samples were isolated from unvaccinated persons, 15 were from vaccinated persons [including completely vaccinated (3) and partially vaccinated (12) ], and 13 isolates were recovered from patients with an unknown vaccination status. All vaccinated persons were children and inoculated with PVC7. The ages of the patients varied from one month to 79 years old, 64 were children and four were adults.
Regarding gender, 34 patients were female, 29 were male and five were unknown.
Identification and serotyping. S. pneumoniae isolates were identified using conventional methods including Gram staining, catalase, optochin sensitivity and bile solubility tests. The isolates were serotyped by the Quelling reaction, using polyvalent and monovalent antisera (Statens Serum Institute, Copenhagen, Denmark) as previously described MLST. MLST was carried out on a total of 45 S. pneumoniae strains. Generally, only one strain from each indistinguishable PFGE profile and each closely related strain was selected for MLST. The strains were studied using the previously described method (14) .
Briefly, fragments of seven housekeeping genes, aroE, gdh, gki, recP, spi, xpt, and ddl, were amplified from pneumococcal lysates with the primers described by Enright and Spratt (14) . The cleaned PCR products were then sequenced using the same primers with the CEQ Dye Terminator Cycle Sequencing Quick Start Kit on a CEQ 8000 Genetic Analysis System (Beckman Coulter, Fullerton, CA, USA). eBURST v3 analysis. Analysis of the sequence types (STs) and assignment to clonal complexes were performed with the BURST (based upon related sequence types) program (15) . The strains were identified by eBURST v3 (http://spneumoniae.mlst.net/eburst/) (16).
Based on a comparison using the global pneumococcal MLST database, we assigned clonal complex such as CC1, CC2, and CC14. Further analysis of the relationships between pneumococcal STs was conducted by the DNA sequences of the seven alleles using the software available at www.mlst.net and aligning the resulting sequences using the Clustal W interface (www.ebi.ac.uk/clustal).
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RESULTS
Serotyping of the 68 S. pneumoniae isolates yielded 25 different serotypes; serotypes 19F (19%), 23F (11.8%), 1 (8.8%), 14 (7.3%), and 7F (5.9%) were common and accounted for 52.9% of all isolates (Table 1) . Serotype distribution among the 15 vaccinated children was as fallow: 19F (n=2), 7F (n=2), 14 (n=2), and 1, 2, 5, 9L/N, 10F/A/B/C, 23A/B, 23F, Pool I (n=1). PFGE typing yielded 54 different pulsotypes. Nine of them were clusters including 23 strains, clustering rate was 33.8%. Fifteen of the 54 pulsotypes were observed on closely related strains (85% -95% similarity), and the remaining 30 pulsotypes were unrelated ( Fig. 1) . MLST analysis identified 36 STs, it is important that 12 of which were novel (33.3%) in present study. Four new STs had double-locus variants (DLV) and eight new STs had single locus variants (SLV). We discovered three new alleles: two gdh (allele 387), one xpt (allele 521), and one ddl (allele 568). Thirty six different STs found were classified into 20 CCs and five singletons by e-Burst analysis ( Table 1) .
Comparison of typing results. All isolates were compared on the basis of their serotypes, PFGE, allelic profiles, STs, and CCs (Table 1) . There was no strict relationship between serotypes and molecular typing results. . One of the ST320 strain (strain 85) showed higher MIC of penicillin (MIC=3 µg/ml), cefotaxime (MIC=1.5 µg/ml) and meropenem (MIC=0.5 µg/ml) than those of the other ST320 strain (strain 240). ST8702 strain was also penicillin-resistant (MIC=1.5 µg/ml), it was a DLV of ST320. ST179 and ST9048 belonged to CC7 and CC14, respectively, while ST8702 and ST8703 were not related with any other STs in e-BURST analysis. ST9047 differ at 3 loci from ST320, but both belonged to CC2, suggesting genetic relatedness.
Strains of serotype 23F (n=3) belonged to ST242 (n=2) and 880 (n=1), and both were in CC14, as like ST9048 which was found from strain 24 of serotype 19F. ST880 strain was a penicillin-(MIC=1.5 µg/ml) and cefotaxime-resistant (MIC=2 µg/ml), this clone known as a multi-drug resistance clone in the MLST database. Notably ST242 shared with a strain of the other serotype, 19A.
DISCUSSION
In this study, we used both serotyping and molecular typing methods to highlight the population biology of invasive S. pneumoniae isolates in Turkey. Classically, serotyping has been used in typing and investigating the epidemiology of pneumococci (17, 18) . However, MLST is an internationally accepted method for monitoring the spread of clones through the pneumococcal population (19) .
The present strains were compared on the basis of their serotypes, allelic profiles, STs and CCs. MLST analysis showed 36 sequence types (STs), 12 of which were novel (33.3%).
eBURST analysis of the STs indicated very heterogeneous distribution, with four CCs and 28
A c c e p t e d M a n u s c r i p t singletons identified. Additionally, when we compared our strains with the global pneumococcal MLST database, the 45 strains were classified into 20 different CCs and five singletons, confirming the high diversity within the global pneumococcal MLST database. In parallel to our data, several studies carried out in different countries have also indicated highlevel heterogeneity among the pneumococcal population (5,9,17,18) . Likewise, Turkish strains show very heterogeneous global distribution (20). To date, 127 strains from Turkey have been entered into the MLST database. Many of them were non-invasive isolates; only 22% of the previous isolates were invasive. Interestingly, the invasive strains from this study are not related (except ST1349 and ST3361) to the STs previously entered from Turkey (19) .
Pneumococcal serotypes are known to be made up of genetically distinct clones (4, 6, 13) . In agreement with this data, we found different STs and PFGE profiles within the same serotypes. For example, eight strains in serotype 19F were divided into eight different pulsotypes and six different STs, and four isolates in serotype 1 fell into three STs and four pulsotypes.
Previous studies have shown that isolates within the same clone can express different capsular serotypes as a result of the natural transformation of pneumococcal DNA (9, 18, 21) . This phenomenon, capsular switching, results in the emergence of a clone with a different capsular type (18) . If such a capsular switch results in the expression of a capsule not covered by the present vaccine, there may be potential for increased rates of IPD (4) . Considering the capsular switching, only one possible event was identified in this study. Genotype ST242 within our isolates included three strains having two serotypes, 19A (1 strain) and 23F (2 strains). The ST242 strain with serotype 19A was first detected in our study. This strain had penicillin-resistance and isolated from the cerebrospinal fluid of an unvaccinated one-year-old child. The other two ST242 isolates were serotype 23F. One of them was a cerebrospinal fluid isolate, while the other strain was associated with bacteremic pneumococcal pneumonia.
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Elsewhere, ST242 has been found to express serotype 23F, 19F, 6B, 23A and 3 capsular polysaccharides, suggesting that ST242 has a high propensity for capsular switching (22) .
The serotype may be important in the determination of invasive potential (7, 23) . Serotype 14 was found as the most common invasive disease-causing serotype in Scotland (24) . In our study, the overall rate of serotype 14 causing IPD was 7.3%. Serotype 19F was the most prevalent IPD-causing strain (19%) in present study. Additionally, the genetic heterogeneity of serotype 19F was quite high (ST179, ST320, ST8702, ST8703, ST9047, ST9048).
The prevalence rates of penicillin non-susceptible pneumococci (PNSP) (i.e., those with intermediate susceptibility or resistance) vary widely among different countries (25) . The overall PNSP rate in pneumococcal isolates in our study was 19.1%, which was similar to that reported in other parts of the world, including 9%-24% in North America and 0-43% in Europe (26, 27) .Antimicrobial resistance in pneumococci is closely linked to both the serotype and genotype (18) . A multi-drug resistance (MDR) clone of serotype 23F S. pneumoniae has spread from Spain to other countries (28, 29) . Our MLST results showed that the ST of S. pneumoniae was highly associated with penicillin resistance and/or MDR, especially for ST320 and ST880. The corresponding serotypes of ST320 and ST880 were 19F and 23F, respectively. A penicillin-resistant strain (ST3614) found in serotype 6B in the current study was not related to ST273 (serotype 6B), which is known as Greece 6B-22, a major pandemic antimicrobial-resistant clone, in the MLST database. Although an invasive penicillinresistant 23B strain with ST1349 was first reported by Sener et al (30) , ST1349 strain in our study was a non-meningitis isolate, serotype 23A/B, and penicillin-sensitive (MIC=0.094 µg/ml). As well as, other ST1349 strains in the MLST database were non-meningitis ones and not resistant to penicillin.
In conclusion, we provide the first background data on the genetic structure of IPDcausing S. pneumoniae prior to the introduction of 13-Valent pneumococcal conjugate vaccine (PCV13) in Turkey. This study has (i) highlighted the high level of genetic diversity of the pneumococcal isolates by determining various MLST and PFGE types within the same serotypes and (ii) identified capsular switching event.
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